Introduction
[2] Many models have been suggested to explain the onset of the expansion phase of a magnetospheric substorm. The most widely accepted is the near-Earth neutral line model which postulates that the substorm expansion begins with the onset of reconnection of closed field lines in the center of the plasma sheet near 25 Re [Baker et al., 1996] . In this model reconnection causes a narrow channel of earthward flow that is decelerated when it reaches the inner magnetosphere between 7 -15 Re. The process of deceleration and diversion of the flow generates magnetic turbulence, the substorm current wedge, Pi2 magnetic pulsations, and the brightening of the aurora that are often used as signatures of substorm onset.
[3] Among the alternative explanations is a collection of ideas often referred to as current disruption models. These models [Samson et al., 1992; Lyons, 1995; Lui, 1996; Roux et al., 1991] postulate that some plasma instability occurs in the inner magnetosphere, diverting the cross-tail current into the substorm current wedge. The onset of the instability triggers a rarefaction wave that propagates down the tail stimulating earthward flow and eventually reconnection at 25 Re.
[4] There is no question that important phenomena occur close to substorm onset both in the near tail and in the near-GEO regions. Observations by Geotail [Machida et al., 1999; Nagai et al., 1994] have clearly established that earthward flows carrying northward field, and tailward flows carrying southward field occur near 25 Re within 1-2 minutes of substorm onset. Similarly, observations by the Active Magnetospheric Particle Tracer Explorer/Charge Composition Explorer (AMPTE/CCE) spacecraft [Lui et al., 1988; Takahashi et al., 1987] show the presence of strong magnetic turbulence at the inner edge of the tail current in conjunction with auroral brightening and the formation of the substorm current wedge. Because the auroral brightening is the classic signature of substorm onset, and because it appears to map to the region of magnetic turbulence, proponents of current disruption models feel confident that they are pursuing the real cause of substorm onset. However, as mentioned above, the reconnection model explains effects in this region as consequences of deceleration and diversion of the flow from a near-Earth neutral line located near 25 Re [Birn and Hesse, 1996; Shiokawa et al., 1997 Shiokawa et al., , 1998a Shiokawa et al., , 1998b . Unfortunately, existing observations show that these phenomena all occur so close to substorm onset that present data can not be used to decide which comes first, and hence which is the primary cause of the substorm.
[5] Because of these difficulties some researchers have speculated that more than one of these mechanisms might activate a substorm under different circumstances. An example of such speculation is the suggestion by Baumjohann et al. [1996] that substorm expansions occurring during magnetic storms are driven by reconnection at the near-Earth neutral line ($25 Re) while substorms during quiet times are driven by current disruption ($12 Re). These authors, and also Kamide et al. [1998] , argued that storm time substorms may be a consequence of the inability of the distant x-line to reconnect all of the magnetic flux merged at the dayside magnetopause so that a surplus of magnetic flux accumulates in the tail lobe and then suddenly reconnects at a near-Earth neutral line. In contrast they suggest that the non-storm substorms may be the result of instability in the very near-Earth region due to the strongly enhanced current flow associated with enhanced convection.
[6] The experimental observations that led Baumjohann et al. [1996] to their suggestion came from a statistical study of the AMPTE Ion Release Module plasma and magnetic field data. In their study the authors used Kakioka ground magnetometer data, the AL index, and particle and field data from geosynchronous satellites to identify substorm onsets. In the case of multiple onsets they took only the major onset. This process identified 40 substorms that they then associated with the Dst index at the time of the onset. If Dst < À25 nT (7 events) they called the event a magnetic storm time substorm while if Dst > À25 they called it a non-storm substorm (33 events).
[7] The data for the two classes of events were then superposed relative to the substorm onset, producing plots of the average temporal behavior of a variety of variables during substorms. Their results showed that the AE index was more disturbed during storm times than non-storm times, the plasma sheet temperature was twice as high, and the strength of the dipolarization after onset was three times as large. In addition they obtained two surprising results. Non-storm substorms showed no response of the lobe magnetic pressure relative to onset while storm time substorms showed a decrease after onset. Also the earthward flow velocity peaked at the beginning of the recovery phase for non-storm substorms while it peaked in the expansion phase for storm time substorms.
[8] These results contradict previous results that suggest that a response in the tail field can be found in almost every substorm [Caan et al., 1978] . Normally the lobe field increases during the growth phase and decreases during the expansion phase. The only difference expected is that the lobe field is stronger during storm times than it is during non-storm times. Because of the disagreement between our expectations and the results of Baumjohann et al. [1996] we have repeated the magnetic field analysis performed by these authors using a much larger data set derived from the first two tail passes of the ISEE spacecraft in the spring of 1978 and 1979 . In contradiction to their results we find that there is no difference in the relative behavior of the lobe field for the two classes of substorms. We therefore conclude that there is no reason to postulate that different mechanisms drive substorms during storms and quiet times.
Database and Event Selection

ISEE 2 Plasma and Magnetic Field
[9] The ISEE 1 and 2 spacecraft were launched into elliptic Earth orbit in October of 1977. Their orbit was initially inclined 23°to the ecliptic plane with apogee at 23 Re. The ISEE 2 spacecraft carried both a fluxgate magnetometer [Russell, 1978] , and a plasma spectrometer [Bame et al., 1978] . In spring of each year from 1978 to 1988 these spacecraft passed through the magnetotail observing substorms and other phenomena. During 1978 the plasma instrument was operated only every fifth orbit. In 1979 it was operated continuously obtaining considerable data. In early April of 1980 this instrument failed as ISEE 2 was making its third pass through the tail. In the study reported here we have used 1-minute averages of the plasma and field obtained from ISEE 2 during the 1978 -1979 tail passes to study the response of the tail field to substorms.
Selection and Timing of Global Substorms
[10] Our goal is to examine the Baumjohann et al.
[1996] speculation that substorms that occur during magnetic storms are produced by a different mechanism than those occurring during quiet times. To do this we have selected a large set of substorms that occurred during the time the ISEE 2 spacecraft was in the tail in 1978 and 1979. These substorms were selected by scanning the AU and AL indices with an interactive program that allowed us to determine the substorm start time, the onset of the expansion phase, the beginning of recovery, and the end of the substorm. In this procedure a substorm was defined as a sudden drop in the AL index of more than 100 nT that persisted for at least 20 minutes and was followed by a recovery to less disturbed values. The time of a sudden enhancement in the rate of decrease of AL was taken as the AL onset. The fact that the substorm was evident in the AL index was taken as evidence that the substorm was global and that an expansion had taken place. Pseudo-breakups [Koskinen et al., 1993] were eliminated by the condition that the decrease in AL persisted for more than 20 minutes. By its construction, the AL index is an inaccurate measure of the time of substorm onset, even though it reveals that a substorm has occurred. To improve our determination of the onset time we have used Pi2 pulsations. These waves are known to be associated with substorm onset [Saito et al., 1976] and are known to occur within 1 -2 minutes, if not simultaneously, with the onset of the auroral expansion [Liou et al., 2000; Kepko and McPherron, 2001] . As discussed in the preceding references, a normal substorm has more than one Pi2 pulsation burst, typically 20-25 minutes apart [Rostoker, 1968; Hsu and McPherron, 1998 ]. This separation makes it possible to distinguish between events that occur during the growth, expansion and recovery phase of a substorm, and the Pi2 burst associated with the expansion onset. Our procedure is therefore to select the start of the Pi2 burst nearest in time to the AL onset determined as described above.
[11] To identify Pi2 pulsations we have used data from two networks of International Magnetospheric Study magnetometers: the Institute of Geological Science, United Kingdom, and the Air Force Geophysics Laboratory, United States [McPherron, 1982] .These magnetometers were distributed in both latitude and longitude and recorded data at 3-sec and 1-sec resolution respectively. The data from the two horizontal components were bandpass filtered to the Pi2 band (45 -150 sec) and displayed as stack plots of the X and Y components for all stations in the network. A cursor was used to select the beginning of every Pi2 burst observed while the center of the network was within ±6 hours of midnight. Any Pi2 burst occurring within 20 minutes of an AL onset was taken as the time of the ''main onset'' of the substorm.
[12] An illustration of the foregoing procedure is shown in Figure 1 the first and largest being associated with the sharp break in AL. The time at the first peak in the Pi2 waveform above the background noise level was taken as the main onset of this substorm, and is shown by the vertical line. A second, weaker Pi2 burst occurred later during the recovery phase of this substorm, but was ignored because it was not associated with the onset of a global substorm as defined by AL.
Classification of Storm Relationship
[13] Independently scanning two months of data in both 1978 and 1970 identified a large number of substorms in AL and Pi2 bursts. The beginning of the Pi2 closest in time to the sharp break was taken as the main onset of the substorm. Each main onset was then classified by its relationship to magnetic storms. Figure 2 illustrates the method of classification. The variable trace across the figure shows the Dst index during a stormy period at the end of March 1979. Two horizontal lines are drawn across the graph at À25 nT and À50 nT. Following Baumjohann et al. [1996] we define a non-storm time substorm as any onset that occurred when Dst ! À25 nT (upper line), including substorms triggered by an SSC, and any substorm in the initial and main phase, provided Dst > À25 nT. However, departing from Baumjohann et al. [1996] we define a storm time substorm more restrictively as any onset that occurred when Dst À50 nT (lower line). In addition, we defined one subclass for each of these classes of event. Any storm time substorm occurring during the rapid decrease in Dst to its minimum value was classified as a main phase storm time substorm. Similarly, any non-storm time substorm that occurred when there was no evidence that Dst was recovering from a previous storm was classified as a quiet time substorm.
[14] The results of the classification procedure are presented in Figure 3 . In total, 951 AL onsets were identified in four months for an average rate of 8 substorms per day. In the same time 462 main Pi2 onsets were identified. The number of Pi2 onsets is smaller than the number of AL onsets because no magnetometer chains were available when either the Pacific and Atlantic oceans, or the USSR were at midnight. The number of Pi2 onsets was further reduced to 245 by the exclusion of all substorms that occurred when Dst was in the intermediate range of À50 Dst À25 nT. The bottom left column of the figure indicates that 79 storms were identified as storm time substorms, and that 48 of these occurred when the location of the spacecraft was greater that 3 Re from the estimated position of the neutral sheet. The reason for choosing this distance is discussed below. Of these a subset of 14 substorms occurred during the main phase of storms. The right column of the figure shows that 166 events were identified as non-storm time substorms, and that 109 of these were observed more than 3 Re from the neutral sheet. A subset of 33 substorms occurred during times of no evident recovery from a previous storm.
[15] As discussed above, there are many fewer plasma observations in the data set than magnetometer observations. Because of this an analysis based on substorms for which both magnetic field and plasma data are available is quite limited. Nonetheless, we begin our presentation with analysis of these events since this makes our work more compatible with that of Baumjohann et al. [1996] . Subsequently we use the larger data set to confirm our conclusions.
Superposed Epoch Analysis
[16] The technique used in this study to obtain the statistical behavior of the tail field is superposed epoch analysis. All events of a particular class are organized in an ensemble with epoch zero corresponding to the main Pi2 Figure 2 . A plot of Dst during a major magnetic storm. Horizontal lines at À25 nT and À50 nT were used as thresholds in classifying substorms as either storm or non storm associated. onset. The ensemble is then either averaged or converted to median and quartiles at each time relative to epoch zero. Any pattern in the resulting graphs is taken to be the characteristic response of the particular variable to a substorm onset. Below we will show that the magnitude of the lobe field reaches a peak at this time, and that the B z component reaches a minimum. These are expected features in substorm models that postulate that energy is stored in the tail lobes during growth phase and unloaded in the expansion and recovery phases.
Superposition of Dst Index
[17] A demonstration that our selection criteria operate in the expected manner is presented in Figure 4 . The figure shows four traces of ensemble averages of the Dst index relative to expansion phase onset. The two traces at the top represent the behavior of Dst during non-storm time substorms. The trace nearest the top depicts the behavior of Dst during the quietest times when no storm recovery was evident. The next lower trace includes these events and all other substorm onsets that occurred when Dst ! À25 nT. The bottom two traces are for storm time substorms when Dst À50 nT. The middle trace with a sharp drop after substorm onset represents the subset of main phase substorms. The lowest trace with Dst recovering after onset is for all storm time substorms. Since the recovery phase is much longer than the main phase, most of the substorms in this class occur during the recovery phase of storms. Clearly, the results reproduce the selection criteria used to classify the substorm onsets.
Superposition of B Field Using Events With Plasma Data
[18] Figure 5 shows that we have a substantial number of events for which plasma data is available (205). After selection for the two main classes of substorm-storm relationship we have 115 events with both magnetic and plasma data (remember we exclude events with Dst between À25 and À50 nT). This is roughly twice the number of events used by Baumjohann et al. [1996] . These events can be subdivided into 24 events during storm time and 91 events during non-storm time. Since we have plasma data we can conclusively decide whether the spacecraft was in the lobe (5 during storm and 24 during quiet times), or in the plasma sheet (19 during storms and 67 during quiet times). Note, however, there is insufficient data to further subdivide the data into the more stringent subclasses.
[19] The storm time results using plasma data to locate the spacecraft are plotted in Figure 6 . In the bottom panel we show the superposed B t data where the solid line is based on the five events observed in the lobe. This trace is peaked around substorm onset and is lower both before and after onset. The second trace in this panel contains 19 events for which the spacecraft was in the plasma sheet, but we have used pressure balance to infer the lobe magnetic field strength. To do this we converted the sum of the magnetic and ion pressure in the plasma sheet to an equivalent lobe magnetic field assuming there is no plasma in the lobe. This trace shows quite clearly that the lobe field increases in the growth phase and decays in the expansion/recovery phase.
[20] The top panel shows the behavior of B z during storm time. The upper trace was obtained by averaging B z inside the plasma sheet. B z is very weak (0 -2 nT) for nearly an hour before substorm onset but increases to almost 8 nT in the 40 minutes after onset. Note that the main increase in B z in the plasma sheet is delayed by about 15 minutes after the onset. The bottom trace shows average B z for the five events measured in the lobe. Here the initial value of B z is quite negative, indicating that the satellite was high in the lobe where the field orientation reflects the flaring of the tail magnetopause. During growth phase it becomes more negative, suggesting that the flaring angle of the boundary is increasing and so, therefore, is the field angle. Immediately following the substorm onset the field rotates to a more dipolar configuration, becoming positive at the end of the substorm.
[21] The superposition of the field for non-storm time events is displayed in Figure 7 . Here one can observe the same behavior seen in Figure 6 . There are extrema in B t and B z at the time of substorm onset regardless of whether the spacecraft is in the lobe (solid line) or the plasma sheet (dashed line). Note, however, that the changes are much smaller than they were in the case of storm time substorms. Also, the trace of B z in the lobe is initially positive, only becoming negative near the end of the growth phase. This suggests that the magnetopause has a much smaller flaring angle for non-storm time substorms.
[22] Next, Figure 8 compares normalized signatures for the two classes of substorms and the two components of the field. To obtain these plots each trace in the ensemble was first scanned to determine the maximum value of B t in the trace. The traces of B t and B z were divided by this value and then averaged. Since the maximum of B t does not always occur at substorm onset the average B t at epoch zero is less than 1.0. Remarkably, there is essentially no difference between the two classes in terms of relative behavior. Both in the lobe and in the plasma sheet the data show a maximum in lobe B t at substorm onset (top panels). They also show that the average relative change in B t during a substorm is about 10%, corresponding to a change in magnetic energy density of twice this value.
[23] The bottom two panels of Figure 8 show the average behavior of normalized B z . The lobe data on the left exhibit a swing from about À0.06 to +0.06. Since this is the tangent of the inclination of the field this corresponds to a change of about ±4°. During the growth phase B z decreases and in the expansion phase, it increases or ''dipolarizes.'' In the plasma sheet (right panel) we see a gradual reduction in B z during the growth phase and then a rapid increase to larger values in the expansion phase.
[24] In summary, for storm time events we obtain nearly the same result, as did Baumjohann et al. [1996] . However, for non-storm time substorms we do not find a different response as they did. Although such substorms are considerably smaller than storm time substorms, they exhibit the same qualitative behavior. Thus, in contrast to Baumjohann et al. [1996] we tentatively conclude that there is no reason to suppose that the two types of substorms involve fundamentally different processes. In the next section we consider the possibility that our result is a consequence of using a relatively small number of events, albeit larger than was used in the previous study.
Spacecraft Location as a Proxy for Plasma Data
[25] In many of our substorm events no plasma data were available, so it was not possible to unambiguously determine whether the spacecraft was in the lobe or the plasma sheet. Despite this, we have repeated our analysis using the location of the spacecraft relative to the expected neutral sheet to decide this question. As shown next, we argue that any event where the spacecraft is above Z NS = 3 Re is most likely a lobe event, and conversely if Z NS is less than this it is a plasma sheet event. Thus, our proxy measure for the plasma beta is Z gsm -Z ns = 3 Re, where Z gsm is the spacecraft position and Z NS is the position of the neutral sheet calculated by the Russell-Brody formula [Russell and Brody, 1967] .
[26] Figure 9 shows the justification for our choice. The top panel presents the observed plasma beta as a function of distance of the spacecraft from the neutral sheet. A horizontal line at beta = 0.1 divides the plot into two regions. Two vertical lines at ±3 Re further subdivide the graph into the central region of the tail and outer regions (in the Z direction). It can be seen that there are few low-beta values in the central region as compared to the outer regions. The second panel shows that beta = 0.1 is a characteristic value that divides high beta and low beta values of the plasma. Baumjohann et al. [1996] used this value to distinguish between plasma sheet and tail lobe in their work, and we have adopted this criterion as well. The third panel shows that the frequency of occurrence of beta below this value is very low inside of 3 Re and much higher outside. We therefore make the assumption that most of the time when the spacecraft is further than three Re from the neutral sheet we are observing lobe field uncontaminated by the plasma sheet.
[27] Clearly, this assumption is incorrect some of the time, but the effects of data acquired in the plasma sheet will be dominated by the much greater amount of data acquired in the lobe. However, it should be mentioned that Baumjohann (W. Baumjohann, personal communication, 1999) has pointed out to the authors that this procedure can produce the appearance of changes in the tail lobe field similar to that caused by substorms. To understand his argument, suppose that the spacecraft is in the plasma sheet at the start of the growth phase. Growth phase thinning will cause the plasma sheet to thin and the spacecraft to enter the tail lobe. Passage through the plasma sheet boundary will cause an increase in the total field due to the disappearance of the diamagnetic plasma. Similarly, in the recovery phase the expansion of the plasma sheet engulfs the spacecraft, diamagnetically reducing the total field. The timing of the passages through the plasma sheet boundary can occur at any time relative to substorm onset, but they are likely to be most probable near the start of the growth phase and near the beginning of the recovery phase. A superposed epoch analysis of many such events with distributed times of passage could produce an average B t curve that appears to increase in the growth phase and decrease in the expansion phase, even if there is no real change in tail field magnitude. However, it is very improbable that such boundary crossings occur near the substorm onset. Thus the shape of the superposed curves near epoch zero is likely to be correct.
[28] To assess the significance of this problem we have examined the subset of substorms for which we have plasma data, determining how often such transitions occur. These data show that in 80% of this subset the spacecraft remained in the same region throughout the event. Thus if the spacecraft was initially in either the lobe or plasma sheet it remained there throughout the event. If the same fraction applies to the events selected on the basis of Z ns then it is unlikely that such events cause significant problems, particularly close to the origin.
[29] It should be emphasized that passages through the plasma sheet boundary are frequently obvious in the raw magnetic field data by the suddenness of the transition in field strength and a change in variability of the field components. It almost all cases we find that these transitions occur well away from the onset of the expansion phase. Thus the behavior of the field close to the time of onset is characteristic of the tail lobe. We will show below that the pattern obtained using this approach is identical to the pattern obtained using plasma data. We argue therefore that the conclusions drawn using spacecraft location are representative of lobe behavior.
Superposition of Lobe B Field Using Events Without Plasma Data
[30] The results of superposing the magnitude of the tail lobe field and the vertical component for storm time substorms are displayed in Figure 10 . The top panel presents the quartiles of the cumulative distribution for B z while the bottom panel shows them for B t . Fifty percent of all values lie between the upper and lower traces in each panel. A vertical line at the center of the graph corresponds to the main Pi2 onset. It is evident that there are extrema in the traces of both B z and B t roughly centered about substorm onset, except for the upper quartile of B t . B z reaches a minimum at onset and the field magnitude reaches a maximum.
[31] The median B z trace reveals that the average behavior is a slow rotation of the field from positive inclination relative to the neutral sheet (B z > 0) to negative inclination at substorm onset. This is followed by a more rapid rotation back to positive inclination (dipolarization). Note that more than 25% of the time B z remains positive throughout the substorm, and similarly, more than 25% of the time it remains entirely negative. This effect is a consequence of satellite location. At large distances from the neutral sheet flaring of the tail makes the field inclination negative. Growth phase erosion of the dayside magnetopause causes the flaring to increase making the inclination even more Figure 5 . A schematic summary of the number of events in each substorm class selected using plasma data to define spacecraft location relative to the plasma sheet boundary.
negative. Very close to the plasma sheet the inclination remains positive although it decreases throughout the growth phase. At intermediate distances flaring causes the inclination to change sign from positive to negative. Dipolarization of the field during the expansion and recovery phase reverses these effects. The median B t trace shows the expected growth and decay of the lobe field as magnetic flux is added to the tail during the growth phase and removed in the expansion and recovery phases. Note that the time span of the changes in B t is about ±50 -60 minutes, somewhat shorter than the apparent changes in B z . Also note that there is a large range between the quartiles of B t . Two effects contribute to this spread. The first is the distance of the spacecraft down the tail. The second is a variation in the amount of flux stored in the tail between large and small storms. With only 48 storm time events it was not possible to further bin the data to obtain the functional dependence of the lobe field on these parameters. The results of superposing 109 substorms occurring during non-storm time conditions are summarized in Figure 11 .
The pattern of the response of B z and B t relative to substorm onset is exactly the same as seen in storm time substorms, although the magnitude of the changes are smaller, and the absolute strength of B t is smaller as well. Comparison of Figure 10 and Figure 11 again establishes the fundamental result of this paper, that is, there is no difference in the pattern of response of the tail field to substorm onset for storm time and non-storm time substorms. Thus the speculation made by Baumjohann et al. [1996] that two different mechanisms are needed to explain substorms is not supported by our results.
[32] A comparison of the tail response for all four classes of substorms is made in Figure 12 . The bottom panel shows averages of B t and the bottom panel averages of B z . Note the averages of B t are ordered nearly as one would expect for the four classes of substorm-storm relationship. The top trace in the bottom panel shows storm time substorms occurring during the main phase of storms. The peak amplitude of B t is very large ($42 nT) and the change in B t is nearly 8 nT, corresponding to a 36% increase in the Figure 6 . Superposed field observations during storm times for substorms with plasma data. The bottom panel compares the ensemble average of B t measured in the lobe (solid line) with lobe B t inferred from field and plasma observations in the plasma sheet (dashed line). The top panel compares the average B z components in the lobe and plasma sheet for the same conditions. lobe energy density. In contrast, during non-storm time substorms the peak lobe magnitude is 29 nT and the change is only 4 nT. However, the relative change in energy density is nearly the same, 35%. The comparison of B z changes in the top panel lead to similar conclusions. Tail flaring is much larger during major storms than it is during quiet time substorms. Similarly, the changes during dipolarization are larger in storms.
Superposition of Normalized Magnetic Field
[33] The comparison between various levels of activity is even more illuminating when the data are normalized prior to superposition. Figure 13 displays averages of the normalized field obtained as we did earlier for events with plasma data. The B t signatures shown in the bottom panel are virtually identical. The peak average field is $0.9 and the minimum field at the end of the substorm is $0.75. This change corresponds to a change in energy density of 44%. Clearly, when adjusted for the strength of the tail field, the pattern of B t is the same for all classes. A similar conclusion is obtained from an examination of the B z component. Again, we conclude that there is no difference in the behavior between the various classes of substorms. Note also that the average B z traces are negative throughout the growth phase. This is a characteristic of the lobe field and not the plasma sheet. This fact further supports our use of spacecraft location as an indicator of being in the tail lobe.
Discussion
[34] It sometimes appears that there are as many substorm models as there are substorm researchers. These models may be divided into several classes: reconnection models, current disruption models and magnetosphere/ionosphere coupling models. Some researchers, such as Baumjohann et al. [1996] , have gone so far as to speculate that different mechanisms occur under different conditions since the behavior of the tail during storms and quiet times seems to be different.
[35] However, as we have shown in this paper, there is no qualitative difference in the behavior of the tail during storm time substorms and non-storm time substorms. In both cases the lobe magnetic field strength increases prior to onset and decreases after onset. Within the accuracy of the superposed traces the peak in tail lobe field occurs at the time of the substorm onset. Also, in both cases the B z component of the field decreases prior to substorm onset and increases afterwards. Again within the resolution of the analysis the minimum in B z occurs at substorm onset. There are, however, quantitative differences in the response of the tail field between storm times and quiet times. As we showed above, storm time changes in the tail field are characterized by stronger field and larger changes, than are observed during quiet time substorms. However, the relative changes are indistinguishable between the two classes. These results strongly support the idea that there is only one mechanism responsible for the overall substorm -magnetic reconnection, which adds flux to the tail in the growth phase and removes it in the expansion phase. Unfortunately, our results do not answer the important question: What process initiates the substorm expansion? Superposed epoch analysis is too blunt an instrument to address this issue, and the data used in our study do not have the time resolution or accuracy to resolve the controversy between the two classes of models. They do, however, strongly suggest that the same mechanism works during both storm time and quiet time conditions, and that the speculation is not supported by the data.
[36] Two arguments might be raised to dismiss our conclusion. First, as we discussed above, our timing of substorms is based on the start of a Pi2 burst closely associated with a sharp break in the slope of the AL index. Many substorms have multiple Pi2 bursts and it might be possible to choose the wrong one as the main onset of the substorm. We feel that the facts that these bursts are typically 15-20 minutes apart and that it is easy to associate one of the Pi2 bursts with the onset of the negative bay removes this ambiguity. The possible residual error of 1 -2 minutes cannot significantly affect our superposed epoch analysis.
[37] The second possible argument is that the bulk of our analysis was performed using the distance of the spacecraft from the expected neutral sheet as a proxy for the plasma beta. On a basis of statistics obtained using both field and plasma data we chose a distance of 3 Re as a typical location of the plasma sheet boundary. Based on this proxy we superposed data in what we assume to be the tail lobe, obtaining the results summarized above. Note, however, we obtained identical results when we use the smaller subset of data for which we have plasma data. Thus we feel our choice of a tail lobe proxy was appropriate and that including a large number of crossings of the plasma sheet boundary does not significantly bias the results. As we noted above, for the subset of substorms with plasma data, the plasma sheet boundary crossed the spacecraft in only 20% of the events. If this fraction is the same for the larger set based on Z NS then contamination by diamagnetic effects is likely to be unimportant, particularly close to the time of substorm onset. It should be pointed out that our results differ from those of Baumjohann et al. [1996] in other significant ways. First, their storm time lobe events have a significantly larger average maximum field, 48 nT, than do ours, which have an average of 42 nT. Also, their changes in field inclination in the plasma sheet are much larger than ours reaching values of 50°as compared to our maximum value of 14°. Furthermore, the maximum in the lobe field for their events occurs 30 minutes before substorm onset where our maximum is at substorm onset.
[38] How then can we explain the results obtained by Baumjohann et al. [1996] ? One possible explanation is solar cycle effects. Our data were obtained at solar maximum (1978 -79) while the AMPTE data were obtained near solar minimum. At solar minimum one might expect substorms to be weaker than they are at solar maximum; hence the magnitude of the tail field and its changes might be smaller and therefore harder to detect during non-storm times.
[39] Also, we point out that neither the Baumjohann et al. [1996] study nor the study presented in this paper corrected the data for radial gradients in the tail magnetic field. If we suppose that equal numbers of substorms were observed on outbound and inbound passes in the Baumjohann et al. [1996] study then half of the data are biased by an outward decrease in field strength and half by an inward increase. Thus, in terms of the temporal behavior this implies that half of the events will have B t largest at the beginning of the trace and the other half will have it largest at the end of the trace. The result of superposing such data, even if the individual traces peak in the center, may well be a horizontal line if the radial gradients are as large or larger than the changes in B t during a substorm. In contrast, our study utilized data from further out in the magnetosphere (<23 Re as compared to AMPTE < 19 Re) where the gradients are smaller. Also, our study was performed with solar maximum data where events may be larger than they were in the Baumjohann et al. [1996] study. So in our case we were able to resolve the smaller changes present during nonstorm times.
[40] It should be mentioned that in our study the number of inbound and outbound passes is not the same for the various regions. The ISEE orbit was tilted in such a way that on an outbound pass it was likely to be in the lobe (168 out versus 82 in), while on an inbound pass it was more likely to be in the plasma sheet (24 out versus 118 in). This might account for the result apparent in the upper panels of Figure  8 . In the left panel the two traces show the lobe field for storm time and non-storm time substorms. The apparent decrease in lobe field is much larger than the apparent increase before the onset. This may be explained by the fact that most of these events occurred on outbound passes where the field was weaker at the end of the interval than it was at the beginning because of the gradient in the field. In contrast, in the right panel, the growth phase increase appears more prolonged than the rapid decrease after onset. The majority of the events used in this panel were observed in the plasma sheet on inbound passes where the background field is increasing with time. Superposition of the increase due to the background trend on the decrease due to a substorm expansion alters the symmetry of the superposed field.
[41] Note, however, that in fact the Baumjohann et al. [1996] storm time events were on the average stronger than ours although they occurred at solar minimum. Possibly this can be explained by the fact that AMPTE spent more time closer to the Earth than did ISEE because of its closer perigee. This does not explain the differences in the change of inclination, however. This difference may be a result of event selection. Changes in inclination are larger near the neutral sheet than further out in the plasma sheet. If the AMPTE events were distributed more tightly around the neutral sheet than were ours it could account for the difference.
[42] Event selection may be important in other ways as well. In our study only 36% of the events were classified as quiet time (Dst > À25 nT) while the earlier study had 82% of the events in this class. In addition, our study had 17% of the events with Dst below À50 nT as compared to only 3% in the Baumjohann et al. [1996] study. Also, we discarded 47% of the events (À50 < Dst < À25 nT), events that were used by these authors to define their storm time class. Finally we note that the substorms used in the two studies were chosen in a different manner. We selected substorms initially by the AL index and then by the requirement that there be a Pi2 within 20 minutes of an AL onset. The earlier study used synchronous data to initially select the substorms and then used Pi2 data to time the onset, as did we. How such differences might account for the different results obtained in the two studies is not obvious. The fact that the storm time lobe field begins to decrease before the main onset seems to suggest that the Baumjohann et al. [1996] study used an earlier Pi2 as the substorm onset than did we.
[43] An interesting question suggested by our study is: why are there multiple Pi2 bursts in most substorms, and why is one of these apparently associated with the onset of the expansion phase? It is apparent from our superposed analysis that there is a major change in the configuration of the tail at this time. The transition from the development of a tail-like field to a more dipolar field is quite obvious. We have tried superposing the tail data using every Pi2 onset and get no significant pattern. On the other hand, if we use only the first Pi2 burst prior to the main onset, a pseudo breakup by definition, we get extrema in the tail field delayed by about 15 minutes from the time of the pseudo breakup (plot not shown). Alternatively, when we use the first Pi2 onset after our main onset, an intensification by definition, we get extrema in the tail field 15 minutes earlier than the Pi2. Clearly, there is something different about the event we select as the main onset of the substorm. If Figure 12 . A comparison of the traces of median B z and B t relative to substorm onset for the four classes of substorms. Baumjohann et al. [1996] systematically used a later Pi2 than did we for their onset then it is possible to explain the timing discrepancy discussed above.
[44] We speculate that the difference that accounts for the above behavior is that the main onset is the event where reconnection on closed field lines actually reaches the tail lobe. Pseudo breakups are thus aborted reconnection events on closed field lines. Intensifications of the expansion phase are then reactivations of an x-line reconnecting open flux in the near-Earth region (25 -50 Re), after the plasmoid has exited the tail. Recovery phase intensifications (sometimes called poleward boundary intensifications [Lyons et al., 1999] ), would then be additional bursts of reconnection at the x-line once it has moved into the more distant tail.
[45] In summary we reiterate that there is no qualitative difference in the behavior of the tail magnetic field for substorms that occur in storm time and non-storm time conditions. We therefore conclude that there is no reason to postulate that substorms can be produced by two distinctly different processes in two different regions of the magnetosphere. Furthermore, we speculate that localized flow bursts driven by transient reconnection can account for pseudo breakups, the main onset, intensifications and poleward boundary intensifications. Figure 13 . A superposed epoch analysis of normalized B t and B z for substorms selected using plasma data. Upper panels compare observed lobe B t (left) and inferred lobe B t (right). Bottom panels compare normalized B z in the same locations. In all panels the solid line shows storm-time events and the dashed line shows non-storm events.
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